1. Introduction {#s0005}
===============

After the first discovery of coronavirus-induced disease-2019 (COVID-19) in Wuhan, China, the number of cases increased exponentially worldwide \[[@bb0005]\]. Several measures were undertaken by the government to limit the spread of COVID-19, including social distancing, avoidance of travel, closure of nonessential businesses (restaurants, retail stores, sporting events, etc.), and quarantine for infected patients or those with symptoms. In addition, most health-care facilities in the United States have canceled elective surgeries, limited visitors, and transitioned ambulatory clinic visits to televisits to help limit the community spread and to "flatten the curve." In this crisis situation, optimal management of acute cardiac conditions such as ST-segment elevation myocardial infarction (STEMI) is challenging.

Management of STEMI involves multiple levels of care from Emergency Medical Services (EMS) personnel, emergency department (ED) physicians and nurses, the cardiac catheterization laboratory team, interventional cardiologists, and cardiac intensive care unit team. Over the years, the mortality rate for STEMI has decreased not only because of the introduction of primary percutaneous coronary intervention (PCI) but also because of improved performance of all personnel involved in STEMI care before and after PCI \[[@bb0010]\]. From the patient making a call to 911, arrival of EMS, and transfer of the patient to catherization lab, the entire system has been made more efficient, such as decreasing the "door-to-balloon time" \[[@bb0010]\]. However, during this pandemic, every link in this management chain will be affected.

STEMI patients with active symptoms may present late to the hospital, as they fear that seeking medical attention will result in an increased exposure to the infection. Recently, cardiologists all over the world have seen a decrease of STEMI patients during this pandemic \[[@bb0015]\]. In addition, once the patient does present, there may also be delay due to the infection-control measures employed by EMS, ED, and catherization lab personnel to prevent the spread of the infection to themselves and other patients. A recent analysis by Tam et al. \[[@bb0020]\] at a STEMI center in Hong Kong, China, showed that patients presenting with STEMI have a delay in all three important aspects of care (symptom onset to first medical contact, door to device, and catheterization lab arrival to device). The duration for all of these components of STEMI care was higher than regular on/off hours. Their analysis demonstrated that well-built systems of care for STEMI management can easily be disrupted during this pandemic.

However, it is important for physicians and the community to know that delay in treatment increases mortality in STEMI patients both with and without hemodynamic instability. Analysis from the German prospective, multicenter Feedback Intervention and Treatment Times in ST-Elevation myocardial infarction (FITT-STEMI) trial shows that every 10 min in treatment delay resulted in 3.31 additional deaths in 100 PCI-treated patients \[[@bb0025]\]. The notion of "time is muscle" should still be remembered in these tough times. Recently, the Society for Cardiovascular Angiography and Interventions (SCAI) \[[@bb0030]\] and the Canadian Association of Interventional Cardiology \[[@bb0035]\] published guidelines for the management of procedures in cardiac catheterization laboratory. Both sets of guidelines recommend considering thrombolytics at either physician discretion or in low-risk patients. In this review, we discuss the risk vs. benefit of primary PCI and thrombolytics, how the cardiac catheterization laboratory team should be prepared, and what treatment options should be considered in this crisis situation.

2. Initial assessment of STEMI patients during pandemic {#s0010}
=======================================================

In the era of the COVID-19 pandemic, it is important to quickly assess whether a patient presenting with STEMI is or is not infected with COVID-19. The initial management of STEMI patients is outlined in [Fig. 1](#f0005){ref-type="fig"} . The bedside diagnosis of COVID-19 is difficult, and if available, molecular point-of-care rapid portable tests of COVID-19 should be performed using Abbott ID Now (Abbott, IL), which can give results in 5 min \[[@bb0040]\]. However, if rapid testing is not available, primary PCI should be performed as if the patient is COVID-19 positive, irrespective of the test results. Electrocardiogram (EKG) and computed tomography (CT) of the lungs done routinely should be carefully evaluated to rule out pericarditis and other non-cardiac causes of chest pain. Rapid measurement of cardiac troponins can be used to differentiate STEMI from myocarditis, as STEMI has a feature of dynamic change. Also, the CT scan can be evaluated for three major classic features of COVID-19: ground-glass opacity, consolidation, and bilateral pulmonary infiltration with reticular patterns. Point-of-care ultrasound, rather than the standard transthoracic echocardiogram, can be used to evaluate for a new wall-motion abnormality, as there is a risk of exposing the cardiac sonographer to COVID-19. Global left ventricular dysfunction or a wall-motion abnormality not correlating to the EKG is likely caused by myocarditis rather than STEMI. Patients with a new wall-motion abnormality and EKG evidence of a STEMI should be promptly managed as per the proposed algorithm.Fig. 1Initial management of STEMI during COVID-19 pandemic.\*In these patients, thrombolysis should be avoided. If available, Cardiac Magnetic resonance imaging can be done to evaluate for myocarditis. If in doubt, coronary angiogram should be performed rather than thrombolysis.STEMI- ST segment elevation myocardial infarction.Fig. 1

3. Thrombolytics vs. primary PCI for STEMI {#s0015}
==========================================

Current guidelines \[[@bb0045],[@bb0050]\] recommend prompt reperfusion with primary PCI with a door-to-balloon time of 90 min if the patient presents to a PCI-capable hospital. If a patient presents to a non-PCI-capable hospital, emergent transfer to a PCI-capable hospital should be performed within 120 min of arrival. If the timeline cannot be achieved, thrombolysis should be performed within the first 30 min of arrival. Symptomatic, unstable patients should be urgently transferred to a PCI-capable hospital even after thrombolysis administration.

While similar protocols can be followed even during this pandemic in COVID-19-negative patients, it is rather challenging in a COVID-19-positive patient or a COVID-19 patient under investigation. Delays happen for various reasons, including infection precautions by the staff and physicians, delay in patient presentation, and short staff at hospitals. [Fig. 2](#f0010){ref-type="fig"}, [Fig. 3](#f0015){ref-type="fig"} outline risk vs. benefit in treating STEMI patients with thrombolysis vs. primary PCI during the COVID-19 pandemic.Fig. 2Risk vs. Benefit of treating STEMI with thrombolysis during COVID-19.\*Myocarditis, Pericarditis, Takotsubo cardiomyopathy.STEMI- ST segment elevation myocardial infarction.ACS- Acute coronary syndrome.Fig. 2Fig. 3Risk vs. Benefit of treating STEMI with primary percutaneous coronary intervention during COVID-19.STEMI- ST segment elevation myocardial infarctionPCI- Percutaneous coronary intervention.PPE- Personal protective equipment.Fig. 3

Currently, there are no published studies evaluating different STEMI treatment strategies during a pandemic. A protocol was recently published from Sichuan Provincial People\'s Hospital by Zeng et al. \[[@bb0055]\] describing the use of thrombolysis in STEMI patients if the onset of symptoms was \<12 h and proceeding with PCI only after the patient had tested negative for COVID-19. The authors also recommended that the risk of spreading the infection vs. the benefit of performing PCI should be carefully evaluated, and in unstable patients, conservative treatment should be followed until the resolution of pneumonia. However, this approach cannot be readily followed for multiple reasons.1.Many patients have contraindications for thrombolysis \[[@bb0010]\] (previous stroke or hemorrhagic stroke, active bleeding, elderly, multi-organ failure \[liver and kidney damage\] due to cytokine storm in COVID-19 patients \[[@bb0060]\]).2.Inability to identify acute coronary mimics, i.e., no culprit lesions despite STEMI findings on EKG, and increased prevalence of takotsubo, myopericarditis, and possibly even spontaneous coronary artery dissection during acute infections \[[@bb0065],[@bb0070]\].3.Increased utilization of resources because of increased length of stay and complications arising from thrombolytics. In an analysis of 29,190 STEMI patients from 229 hospitals participating in the Get With the Guidelines---Coronary Artery Disease (GWTG-CAD) database, in-hospital mortality (fibrinolytics 4.6% vs. primary PCI 3.3%, *p* = 0.001), length of stay (fibrinolytics 4 days vs. primary PCI 3 days, *p* \< 0.001), and length of stay \>4 days (fibrinolytics 39% vs. primary PCI 28%, *p* \< 0.0001) were significantly higher in the group in which thrombolytics were used \[[@bb0075]\].4.The use of intensive care unit rooms for close monitoring after thrombolytic administration, which can be used for other sick patients.5.A recent study showed that about 31% of symptomatic patients with COVID-19 can go into acute respiratory distress syndrome \[[@bb0060]\], and there is an increased risk of alveolar hemorrhage with thrombolytics \[[@bb0080]\].

A recent study from New York City shows that there is a high prevalence of non-obstructive disease with high mortality (72%). However, only half of the patients underwent coronary angiography \[[@bb0085]\]. In another study from Italy on 28 COVID-19 patients with STEMI, all of them underwent coronary angiography and none was treated with fibrinolysis. Out of 28 patients, 61% had a culprit lesion, and about 40% did not have obstructive coronary artery disease \[[@bb0090]\].

Cardiac involvement in the clinical course of COVID-19 infection is common \[[@bb0095]\]. Zhou et al. showed that 17% of patients had acute cardiac injury \[[@bb0060]\]. There have been several case reports \[[@bb0100], [@bb0105], [@bb0110]\] of patients with viral infections and acute myocarditis noted to have STEMI on the EKG. While cardiac magnetic resonance imaging (MRI) can accurately distinguish infectious myocarditis from other etiologies, it is often not available readily at all institutions. Thrombolysis in this group of patients with myocarditis and non-obstructive coronary arteries would be deleterious.

Given all of these problems, we recommend primary PCI. There is longstanding and strong evidence of the proven benefit with primary PCI \[[@bb0010],[@bb0075]\]. The two major problems are potentially exposing the catheterization laboratory team and EMS personnel to the infection and delay in delivering care.

4. Preparation of cardiac catheterization laboratories {#s0020}
======================================================

The risk of infection can be reduced if important steps are followed in all the laboratories as proposed by American College of Cardiology\'s Interventional Council and SCAI \[[@bb0115]\]. First and foremost, training of catheterization lab personnel on how to use personal protective equipment is critical. The six steps of "donning" and "doffing" ([Fig. 4](#f0020){ref-type="fig"} ) should be followed by everyone in the catheterization lab. Other important steps that need to be followed by catheterization lab are;-Allocating resources, i.e., having a team always as a backup and avoidance of two interventionalists in one procedure.-Training EMS personnel on infection control measures when transferring the patient to either the ED or the catheterization laboratory.-Designating one or two catheterization laboratory rooms exclusively for these patients and removing most supplies to avoid cross-contamination.-Performing deep cleaning after every procedure.-Cohorting of COVID-19 patients.-Avoidance of endotracheal intubation due to the use of positive pressure ventilation in all catheterization labs, as it might increase aerosolization. There should be a low threshold to perform endotracheal intubation for respiratory support in patients with borderline respiratory status or hemodynamic compromise to avoid "emergent" intubation in the catheterization laboratory. Fig. 4Six rules of "Donning" and "Doffing" personal protective equipment.PPE- Personal Protective Equipment.Fig. 4

If a patient is already transferred to a floor or unit and needs another procedure such as right heart catheterization, pulmonary artery catheter placement, intra-aortic balloon pump, extracorporeal membrane oxygenation, pericardiocentesis, or temporary transvenous pacemaker, it should be done at the bedside rather than in catheterization lab.

If these steps are not followed, the risk of exposing the staff outweighs any benefit of primary PCI. Also, as the prevalence of COVID-19 increases in the community with an increase in asymptomatic carriers \[[@bb0120]\], every patient presenting to the catheterization lab should be considered COVID-19 positive until proven otherwise. Finally, every effort should be made to centralize COVID-19-trained catheterization laboratories and primary PCI care; if possible, STEMI cases should be taken by EMS or transferred to that facility. If we follow all of these precautions, delay in STEMI care should decrease even during this pandemic.

5. Proposed treatment algorithm for management of STEMI during COVID-19 {#s0025}
=======================================================================

We propose the following treatment algorithm for STEMI during COVID-19 ([Fig. 5](#f0025){ref-type="fig"} ). If a patient is COVID-19 negative, standard treatment as per the guidelines should be followed. Both COVID-19 patients under investigation and COVID-19-positive patients should be treated similarly, as there could be a delay in test results, which can be harmful in STEMI patients. Only patients with symptom onset of \<12 h should be evaluated for either thrombolytics or primary PCI. If a patient presents to a COVID-19-trained and PCI-capable facility, primary PCI should be performed. All the infection precaution steps should be followed by the team, and every effort should be made to achieve ideal door-to-balloon times. If a patient presents to a non-COVID-19-trained lab or a non-PCI-capable hospital and the transfer to a COVID-19-trained/PCI-capable facility can happen within 120 min, it should be initiated. However, if the transfer cannot happen within 120 min, thrombolysis should be performed, and concomitant medical management with aspirin, clopidogrel, heparin, or enoxaparin should be followed, as per the guidelines \[[@bb0045],[@bb0050]\]. Before thrombolysis is administered, acute coronary syndrome mimics should be ruled out by careful evaluation of the EKG to rule out myopericarditis, and point-of-care ultrasound should be used to evaluate for new wall-motion abnormality. Signs of delayed myocardial enhancement on cardiac CT acquired after the iodinated contrast can be helpful \[[@bb0125],[@bb0130]\], and this can be considered in facilities with no cardiac MRI. All unstable patients after thrombolysis should promptly be transferred to COVID-19-trained catheterization labs, and stable patients should be transferred after the resolution of pulmonary symptoms.Fig. 5Treatment algorithm for management of STEMI during COVID-19.\*COVID-19 person under investigation: Any patient with fever or cough or shortness of breath with an elevated biomarker (C-reactive protein or Lactate dehydrogenase) but a negative rapid COVID-19 test.\*\* Rule out ACS mimics before administering thrombolysis such as myocarditis, takotsubo cardiomyopathy, pericarditis by careful evaluation of EKG and point of care ultrasound.STEMI- ST segment elevation myocardial infarctionPCI- Percutaneous coronary intervention.Fig. 5

6. Conclusion {#s0030}
=============

Treatment of STEMI patients during a pandemic is challenging. While thrombolysis can potentially be a good choice, many patients have a contraindication, and if thrombolysis is given, it would end up using more resources in these finite hospital settings. Also, with the high probability of the coronary angiogram showing normal coronary arteries during acute infections and pandemics, it is imperative for physicians to use primary PCI as the initial preferred strategy in these stressful situations rather than blindly choosing thrombolytics. Non-invasive diagnostic testing may be useful to differentiate true STEMIs from mimics. In addition, training of cardiac catheterization personnel on how to use personal protective equipment is crucial to limit the risk of acquiring infection.

Funding {#s0035}
=======

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

Declaration of competing interest
=================================

Ron Waksman -- Advisory Board: Amgen, Boston Scientific, Cardioset, Cardiovascular Systems Inc., Medtronic, Philips, Pi-Cardia Ltd.; Consultant: Amgen, Biotronik, Boston Scientific, Cardioset, Cardiovascular Systems Inc., Medtronic, Philips, Pi-Cardia Ltd.; Grant Support: AstraZeneca, Biotronik, Boston Scientific, Chiesi; Speakers Bureau: AstraZeneca, Chiesi; Investor: MedAlliance.

Gary S. Mintz- Honoraria from Boston Scientific, Philips, Terumo, and Medtronic.

All other authors -- None.
